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Abstract
Background: During adolescence, health behaviors and 
weight status are increasingly influenced by friendship and 
peer networks. This paper examines resemblances in weight-
related characteristics and how they differ by sociodemo-
graphic factors. Methods: Over 3,000 friendships were re-
ported by 1,603 adolescents, aged 11–16 years, who partici-
pated in the school-based I.Family study in 6 European 
countries. Each “source child” named 1–10 friends for whom 
standardized weight-related traits were available in the 
same survey. The mean value of the friends’ traits weighted 
by time spent together was calculated, and related to the 
source child’s trait. Country, age and sex of the source child, 
parental education, and immigrant background were con-
sidered for confounding and moderation. Results: Source 
children’s z-scores of body fat percent and BMI were posi-
tively associated with their friends’ characteristics, in particu-
lar if they had highly educated parents. Positive associations 
were also found regarding the frequency of fast-food con-
sumption, impulsivity, screen time, preference for sugar-
sweetened foods, and hours spent in sports clubs, in increas-
ing order of effect size. Additionally, correlations were ob-
served between friends’ cognitive and school functioning 
and being bullied. No associations were seen for a prefer-
ence for high-fat foods, weight concerns, and health-related 
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quality of life. Finally, parental education and immigrant 
background were associated between friends in all countries 
except Sweden, where no associations were observed. Con-
clusion: Adolescent friends shared a number of weight-re-
lated characteristics. For weight measures per se, positive as-
sociations with friends’ characteristics were only observed in 
adolescents with high parental education. Associations re-
garding energy-balance behaviors and indicators of school-
related well-being did not differ by parental education. Pa-
rental education and immigrant background correlated pos-
itively in friends in most countries showing that social 
aggregation is already occurring in adolescence. The wide 
spectrum of friendship associations in weight-related traits 
and behaviors suggests that health promotion initiatives in 
adolescents should be directed towards peer groups in both 
school-related and leisure-time environments. ISRCTN Reg-
istry: Pan-European IDEFICS/I.Family children cohort (ID 
ISRCTN62310987; https://doi.org/10.1186/ISRCTN62310987).
© 2020 The Author(s)
Published by S. Karger AG, Basel
Background
The influential study by Christakis and Fowler [1] was 
among the first to demonstrate the importance of friend-
ship relations for weight status and risk of developing 
overweight and obesity in adults [1, 2]. Friends’ similari-
ties in body weight are already observed in adolescence, a 
formative period with increasing peer and decreasing fa-
milial influence, and include similarities in predictors of 
body weight such as diet, exercise, sedentary behavior, 
and weight concerns [3–8]. It is not clear whether the ob-
served similarities reflect peer influence or homophily, 
the latter describing the selection of friends because of 
existing behavioral or social similarities [6, 9]. Similarities 
in health outcomes between adolescents’ friends might be 
attributed to social networks when they are in fact ex-
plained by larger shared environments [10]. This passive 
selection mechanism may be particularly important for 
parental characteristics such as education and immigrant 
background, which tend to be similar in certain neighbor-
hoods due to their correlation with income, housing 
costs, or school fees. Because socioeconomic conditions 
have large influences on health, it is important to under-
stand whether similarities among friends are moderated 
by social factors. Moreover, it has been suggested that 
similarities between friends differ between countries, 
with stronger associations observed in a study of Spanish 
children compared to studies from the USA [11]. Anoth-
er study from Germany showed a higher degree of ho-
mophily in native German children than in children from 
different ethnic minorities [12]. Recent immigration 
trends have changed the composition of schools in Eu-
rope, and children’s adherence to respective migrant net-
works may have distinct health implications [13].
The present study has three sections. Section 1 inves-
tigates the hypothesis that associations between friends 
regarding body weight are already seen in adolescence, 
and that these associations might extend to weight-relat-
ed traits and behaviors. Section 2 examines the hypothesis 
that correlations between friends’ characteristics differ by 
social setting that is strata defined by parental education, 
immigrant status, or country. The IDEFICS.Family (I.
Family) cohort study with standardized protocols across 
participating European survey countries is ideally suited 
to address this issue. Although not nationally representa-
tive, the country-specific samples provide a wide range of 
exposures in which the above hypotheses can be tested. 
Because friendship bonds tend to increase with age, in-
cluding the development of sex-specific behaviors and 
preferences, this section also includes modification by age 
and sex. In a third, post hoc analysis (section 3), we tested 
the hypothesis that friends cluster by sociodemographic 
factors per se, and examined whether there are country 
differences in this respect. Both educational and occupa-
tional homophily have been reported for adults [9], but it 
is unclear how early in life this occurs.
Subjects and Methods
The IDEFICS/I.Family Cohort
The I.Family study was initiated in 2013 [14], with survey cen-
ters in 8 European countries (Belgium, Cyprus, Estonia, Germany, 
Hungary, Italy, Spain, and Sweden), where each center comprised 
2–3 municipalities [9]. I.Family was a longitudinal follow-up of the 
previous IDEFICS cohort [15], with newly recruited siblings from 
the same families, totaling 9,639 children between the ages of 2 and 
18 years. Each child in the survey had at least 1 participating parent 
who contributed data on the family environment. Selected mu-
nicipalities were not intended to represent the respective survey 
country. Rather, the selection criterion was comparability regard-
ing infrastructure and average sociodemographic characteristics 
such that municipalities may serve as case-control regions for a 
lifestyle intervention regarding childhood overweight. Children 
were then approached in school and kindergarten settings, which 
facilitated the recruitment of children and the implementation of 
a health-promotion intervention [15, 16].
Definition of Friendships and Analytic Sample
The present study is based on a subsample of 11–18 year olds 
participating in I.Family, who were included in an optional survey 
to document peer friendships within the cohort. Friends were 
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identified based on a self-administered questionnaire in which ad-
olescents provided the names and school classes of up to 10 friends, 
all within the age range of 11–18 years. Those who completed this 
peer survey are henceforth called “source children,” while the 
named children are called “friends.” Time spent with friends, 
ranked on a scale from “some time (meeting occasionally)” to “a 
lot of time (being together often)” (range 1–5), served as an indica-
tor for the closeness of the friendship.
Figure 1 shows the construction of the analytic sample for the 
present analysis including attrition and exclusions. Due to limited 
resources, it was not possible for research centers in Spain and Bel-
gium to participate in this supplementary survey. Among 4,613 
eligible adolescents in the remaining 6 countries, 1,976 participat-
ed in the peer survey (43%). Because the aim was to compare stan-
dardized characteristics of source children and their friends, the 
latter had to be participants in the I.Family study. The lack of re-
ported adolescent friends within the I.Family study was the main 
reason for exclusion of source children (n = 350; Fig. 1). The final 
sample was limited to 1,540 source children with information on 
parental education and included 1,767 friends. Because 1,161 
friends were also source children, the analytic sample included 
data from 2,146 individual adolescents.
Assessment of Covariates
Two indicators reflecting body size were considered in this 
study: BMI and body fat percent. Trained field staff measured the 
participants’ height and weight. BMI z-scores were calculated 
based on the International Obesity Task Force (IOTF) growth 
standards and obesity was defined according to published cut-offs 
[17]. Body fat percent was determined using leg-to-leg bioelectri-
cal impedance analysis (TANITA BC 418 MA) and converted into 
z-scores [18]. Parental education was classified based on the Inter-
national Standard Classification of Education (ISCED) [19] and 
dichotomized at medium level (post-secondary versus less educa-
tion), using the maximum educational level of both parents. Im-
migrant background was based on the parents’ self-reports, distin-
guishing at least 1 parent with an immigrant background versus 
neither. Psychological and lifestyle variables were based on a ques-
tionnaire completed by the adolescents themselves [18]. General 
well-being was assessed by 4 dimensions of the self-report versions 
of the KINDL-R health-related quality-of-life (HRQoL) question-
naire (4 items per dimension: emotional well-being, Cronbach’s α 
0.56; self-esteem, Cronbach’s α 0.72; family relations, Cronbach’s 
α 0.71; peer relations, Cronbach’s α 0.54), with a range of 12–48 
and higher values indicating better well-being [20]. School-related 
questions were taken from the self-report version of KID-
SCREEN-52 [21] describing cognitive and school functioning (6 
items, Cronbach’s α 0.82), as well as experiencing bullying and so-
cial rejection (3 items, Cronbach’s α 0.77). Each item was measured 
on a scale from never to always, and the mean value of items was 
calculated for both set of questions (range 0–4). Weight concerns 
were measured on a scale of 0–6 based on questions from the Eat-
ing Disorders Diagnostic Scale (4 items, Cronbach’s α 0.91) [22]. 
Impulsive behavior was measured by 12 questions describing the 
adolescent’s tendency to rash action, based on an abridged version 
of the UPPS-P (Cronbach’s α 0.85) [23]. The answers were com-
bined into a score (range 12–48) with higher values indicating 
higher impulsivity. Assessment of dietary behavior included a food 
frequency questionnaire (FFQ) based on which a variable measur-
ing the weekly frequency of fast-food consumption was calculated. 
All children, 11-18 years old, 
in I.Family cohort (n=5042) 
Children par�cipa�ng in peer 
survey (n=1976, lis�ng 6751 
friendships)
Eligible children in 6 
countries (n=4613)
Source children (n=1540, 
lis�ng 3691 friendships, 
1767 friends in I.Family)
I.Family children not par�cipa�ng 
in peer survey (n=2637)
Peer survey not completed in 
Belgium (n=174) or Spain (n=255)
Exclusions:
No friends in I.Family cohort (n=306) 
Sibling listed as friend (n=12)
Missing �me spent with friends (n=11)
Friends’ age outside 11 – 18 (n =44)
Missing parental educa�on (n=63)
Fig. 1. Definition of the analytic sample in-
cluding exclusion criteria for source chil-
dren and friends.
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We also calculated propensities to consume foods rich in sugar or 
in fat by dividing the weekly frequency of those foods by the total 
frequency of all foods assessed, reflecting the relative sugar and fat 
intake [24]. Individual items of the FFQ showed significant repro-
ducibility, with an average correlation of 0.59 between examina-
tions on average half a year apart [25], and good correlation with 
results from a 24-h dietary recall [26] and urine biomarkers [27, 
28]. Leisure time physical activity was measured in terms of the 
weekly number of hours spent in a sports club. Screen time was 
assessed as the weekly number of hours spent with audiovisual 
media. Comprehensive information on these methods is published 
elsewhere [18].
Statistical Methods
Descriptive statistics were calculated for the entire sample, and 
by parental education and parental immigrant background. Com-
parisons by parental education and by immigrant background 
were performed using regression models adjusted for age, sex, and 
country. The total number of friends was modelled using ordinal 
logistic regression after testing the proportional-odds assumption. 
To characterize the resemblance between source children and their 
friends, each source child’s characteristic was regressed on the 
friends’ mean values of that characteristic. Mean values for the 
friends’ characteristics were weighted with the time spent together 
to account for the closeness of a friendship. The use of weighted 
mean values rather than properties of individual friends ascer-
tained that observations from reciprocal friends were not repli-
cates of each other. For continuous variables, we used linear re-
gression to relate the friends’ means to the source child’s charac-
teristics. For weight concerns, sports club hours, and screen time, 
we used quantile regression of the median, because the corre-
sponding distributions showed large skewness and an excess of 
zeros, which precluded logarithmic transformation. The Markov 
chain marginal bootstrap was used to calculate 95% CIs, as imple-
mented in the SAS procedure QUANTREG. Because continuous 
characteristics were measured on different scales, both the source 
child’s and the friends’ mean characteristics were standardized 
(mean = 0, SD = 1) for use in regression models, which estimate 
standardized beta-coefficients (denoted as b) that allow to com-
pare the strength of associations across different characteristics 
[29]. The distribution for bullying and social rejection showed few 
distinct levels and was dichotomized into any experience of this 
kind versus none (henceforth: “being bullied”). Binary outcomes, 
that is, being bullied, parental education, and immigrant back-
ground, were analyzed using logistic regression. All regression 
models were adjusted for age, sex, and parental education of the 
source child, as well as survey country and total time spent with 
friends. To examine moderation by parental education, immigrant 
background, country, age (dichotomized at a median value of 13.5 
years), or sex of the source child, we included the product between 
the friends’ characteristics and the moderator into the model. Re-
sults were presented as stratum-specific estimates with p values for 
interaction. Country-specific associations are shown in online 
supplementary Figure S2 (for all online suppl. material, see www.
karger.com/doi/10.1159/000512356), including the p value for an 
overall F-test for between-country differences. Goodness-of-fit 
was assessed using the coefficient of determination for linear re-
gression (R2), the R1 statistics for quantile regression [30], and the 
area under the receiver operating characteristic curve (AUROC) 
for logistic regression. Sensitivity analyses for friends’ clustering 
on parental education and immigrant background included fur-
ther adjustment on the corresponding mean values obtained from 
all adolescents in each municipality within a survey country. Anal-
yses were performed using SAS (version 9.4; SAS Institute, Cary, 
NC, USA), and MATLAB (R2016b; MathWorks Inc.). Statistical 
significance was set at 0.05 (2-sided tests). The Bonferroni correc-
tion was applied to adjust for multiple comparisons.
Results
Basic Characteristics
Table 1 shows the basic characteristics of the source 
children. On average, these adolescents named between 2 
and 3 friends who also participated in the I.Family study 
(range 1–9). There were large differences in z-scores of 
BMI and body fat percent, in relation to parental educa-
tion (p < 0.001 for both obesity measures) and immigrant 
background (p = 0.01 and 0.004, respectively). The preva-
lence of obesity differed by parental education (5 vs. 12%, 
high vs. low) and by immigrant background (11 vs. 8%, 
yes vs. no). Indicators of mental health and well-being did 
not differ by socioeconomic factors, but higher sugar pro-
pensity and screen time were associated with less parental 
education (p < 0.0001). Similar patterns were seen for 
traits and behaviors of friends (online suppl. Table S1). 
Only 7% of the source children named a friend of oppo-
site sex (not shown). Country-specific results are shown 
in the online supplementary material. There were large 
country differences in weight-related traits and behaviors 
(online suppl. Fig. S1; Table S3) and in parental and 
friend-related variables (online suppl. Table S2). High pa-
rental education was common in Sweden (78%) and Es-
tonia (65%), and least common in the Italian survey sam-
ple (17%). The proportion of families with an immigrant 
background varied from 4% in Hungary to 32% in the 
German survey sample. Adolescents in Italy and Estonia 
named 3 friends on average, while < 2 were named in Ger-
many and Cyprus, and this pattern was also seen for time 
spent together with friends.
Section 1: Source Children’s Associations with Their 
Friends 
Table 2 shows the associations between source chil-
dren’s and their friends’ BMI, body fat percent, and 10 
selected weight-related traits and behaviors. After adjust-
ment for age, sex, country, and parental education, the 
majority of the characteristics were significantly associ-
ated among friends. Body fat percent showed somewhat 
stronger associations with friends’ characteristics than 
BMI. Ranked according to decreasing size of estimated 
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standardized beta-coefficients associations with friends’ 
mean values were largest for sports club participation fol-
lowed by cognitive and school functioning, a preference 
for sugar-sweetened foods, screen time, impulsivity, fast-
food consumption, and body fat percent. The goodness-
of-fit test indicated that only up to 15% of the variation in 
the source child’s characteristics was explained by the re-
spective model. Bullying experienced by friends was as-
sociated with almost 80% higher odds of the source child 
being bullied, too. This association was independent of 
the source child’s BMI (not shown). Source children’s 
HRQoL was not associated with their friends HRQoL, 
weight concerns, or fat propensity, but time spent with 
friends was positively associated with better HRQoL (not 
shown). Conclusions about between-friend associations 
regarding 10 weight-related traits and behaviors were not 
affected by Bonferroni correction for multiple testing.
Section 2: Moderation of Friendship Associations by 
Sociodemographic Factors and Survey Country
The results from interaction analyses by parental edu-
cation and immigrant background are detailed in Table 
3. Stratum-specific estimates showed that associations 
with friends’ BMI and body fat percent could only be de-
tected in source children with highly educated parents. In 
contrast, no effect modifications by immigrant back-
ground were seen for body size measures. Correlations 
between weight-related traits and behaviors did not differ 
by parental education. Differences by parental immigrant 
background were observed for school functioning and 
sugar propensity, but these were not significant after Bon-
ferroni correction for multiple testing. Associations be-
tween source children’s and friends’ properties did not 
differ by sex or age (dichotomized at a median value of 
13.5 years) of the source child except for larger associa-
tions in screen time among boys, b = 0.20 (0.10–0.30), 
Table 1. Characteristics of source children, overall and by categories of parental education, and parental immigrant background









n mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)
Age, years 1,540 13.4 (0.8) 13.5 (0.8) 13.4 (0.8) 13.3 (0.7) 13.4 (0.8)
Number of friends 1,540 2.4 (1.6) 2.2 (1.5) 2.6 (1.7) 2.5 (1.9) 2.4 (1.6)
Total time spent with friendsa 1,540 8.8 (6.6) 8.1 (6.2) 9.4 (6.9) 9.2 (7.5) 8.9 (6.5)
BMI z-score 1,539 0.67 (1.11) 0.43 (1.07) 0.87 (1.10) 0.86 (1.12) 0.63 (1.11)
Body fat percent z-score 1,529 0.53 (1.09) 0.27 (1.05) 0.74 (1.07) 0.73 (1.05) 0.48 (1.09)
Impulsivity 1,333 25.2 (7.5) 24.2 (7.0) 26.0 (7.8) 25.0 (7.6) 25.2 (7.4)
HRQoL 1,370 38.4 (5.2) 38.1 (5.1) 38.6 (5.4) 39.0 (4.5) 38.3 (5.3)
Cognitive and school functioning 1,474 2.57 (0.69) 2.59 (0.67) 2.56 (0.71) 2.69 (0.66) 2.55 (0.69)
Weight concerns 1,441 1.42 (1.60) 1.36 (1.58) 1.46 (1.62) 1.48 (1.60) 1.41 (1.61)
Fast-food frequency, times/week 1,457 3.8 (2.3) 3.5 (2.1) 4.0 (2.4) 3.7 (2.3) 3.8 (2.3)
Sugar propensity, % 1,454 23.2 (10.3) 21.7 (9.6) 24.4 (10.7) 23.1 (9.6) 23.1 (10.4)
Fat propensity, % 1,454 24.5 (9.1) 24.0 (8.5) 25.0 (9.6) 24.5 (9.2) 24.5 (9.2)
Sports club participation, h/week 1,449 2.5 (3.1) 3.0 (3.2) 2.1 (2.9) 2.2 (3.3) 2.6 (3.1)
Screen time, h/week 1,408 19.6 (11.9) 18.6 (11.5) 20.4 (12.3) 18.9 (11.2) 19.6 (12.0)
n n (%) n (%) n (%) n (%) n (%)
Male sex 1,540 705 (46) 319 (45) 386 (47) 104 (44) 573 (46)
Being bulliedb 1,472 535 (36) 258 (39) 277 (35) 77 (34) 440 (37)
High parental education 1,540 712 (46) – – 91 (39) 595 (48)
Parental immigrant background 1,482 234 (16) 91 (13) 143 (18) – –
HRQoL, health-related quality-of-life.
a For each friend: 1 = little time, 5 = a lot of time, then summed over all friends. 
b Any bullying and social rejection vs. none. 
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compared to girls, b = 0.03 (–0.05 to 0.11; interaction p 
value = 0.008). Despite country differences in absolute 
values for weight-related traits (online suppl. Fig. S1; Ta-
ble S3), the associations between source children and 
their friends were generally consistent across countries 
(online suppl. Fig. S2; Table S3), with minor exceptions 
for fast-food consumption and fat propensity. Sports club 
participation, screen time, and being bullied were traits 
that consistently showed positive associations between 
source children and friends in all 6 countries (last row in 
online suppl. Fig. S2).
Section 3: Friendship Associations in Parental 
Education and Immigrant Background
In view of the sociodemographic moderation of cor-
relations regarding body size indicators, we also investi-
gated associations between source children and friends in 
sociodemographic variables themselves. Although pa-
rental education and immigrant background differed 
across countries (online suppl. Table S2), we found con-
sistent positive associations between the source child’s 
high parental education and the percentage of friends 
with high parental education in all countries except Swe-
den (Table 4). An interaction between friends’ parental 
education and survey country indicated large country dif-
ferences in the associations with friends, which was at-
tributable to Sweden being in the analysis (no interaction 
was observed after exclusion of the Swedish sample). A 
similar pattern was observed for immigrant background, 
although the interaction by country was not significant. 
For this analysis, observations from the Hungarian sam-
ple were excluded because of a low prevalence of parental 
immigrant background (online suppl. Table S2). We note 
that parental education was not associated with immi-
grant background, assuring that both variables measure 
different sociodemographic aspects (not shown). Further 
adjustment for mean values of parental education or im-
migrant background calculated from all peers in the same 
municipality as the source child did not change the results 
given in Table 4 (not shown). This result confirms that 
these associations are due to properties shared with spe-
cific friends rather than with unrelated peers living in the 
same neighborhood.
Discussion
This study aimed to characterize adolescent friendship 
similarities in relation to weight status and weight-related 
traits and behaviors, with focus on the impact of the 
Table 2. Associations between source children’s and friends’ characteristics
Estimates Goodness-of-fitc
Body size measures, standardized β-coefficient (95% CI)
BMI z-score 0.04 (–0.01 to 0.09) 0.12
Body fat percent z-score 0.08 (0.02 to 0.13)** 0.15
Body size-related traits, standardized β-coefficient (95% CI)
Impulsivity 0.10 (0.04 to 0.16)*** 0.06
HRQoL 0.04 (–0.15 to 0.10) 0.06
Cognitive and school functioning 0.13 (0.08 to 0.18)*** 0.11
Weight concernsa 0.01 (–0.04 to 0.06) 0.12
Fast food consumption, times/week 0.08 (0.03 to 0.14)** 0.15
Sugar propensity, % 0.12 (0.07 to 0.17)*** 0.08
Fat propensity, % 0.03 (–0.02 to 0.08) 0.03
Sports club participation, h/weeka 0.22 (0.17 to 0.28)*** 0.15
Screen time, h/weeka 0.11 (0.06 to 0.17)*** 0.11
Being bulliedb, OR (95% CI) 1.24 (1.11 to 1.38)*** 0.60
Associations between the source child’s characteristics and mean value of friends’ characteristics weighted by 
the time spent together, adjusted for age, sex, country, and parental education. ** p < 0.01, *** p < 0.001. HRQoL, 
health-related quality-of-life.
a Quantile regression. 
b Logistic regression, OR for being bullied per SD change in friends’ percentage of being bullied (SD 38.4%). 
c R2 (linear regression), R1 (quantile regression), AUROC (logistic regression).
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broader social environment. For weight measures, there 
were positive associations between source children’s and 
their friends’ body fat percent z-score but not for BMI z-
scores. Regarding weight-related behaviors, adolescents 
showed positive associations with their friends’ charac-
teristics regarding the frequency of fast-food consump-
tion, screen time, preference for sugar-sweetened foods, 
and hours spent in sports clubs, in increasing order of 
importance. No associations with friends were seen for a 
preference for high-fat foods, or for HRQoL and weight 
concerns, but impulsivity, cognitive and school function-
ing, and being bullied were strongly associated between 
friends. Furthermore, we detected an effect modification 
by parental education showing friendship associations in 
BMI and in body fat percent z-scores among source chil-
dren with high parental education only, but no modifica-
tion by parental education was observed for any of the 
other traits and behaviors. With few exceptions, friend-
ship associations did not differ by immigrant background 
or country. No effect modifications by age class or sex of 
the source child were observed, except for associations 
regarding screen time that were stronger among boys 
than girls. Lastly, we found that friendships generally 
tended to cluster positively on parental education and on 
immigrant background in all countries except Sweden.
Overall, our results support previous findings on ado-
lescent friend similarities regarding measures of body 
weight [3, 11, 31], but the restriction to adolescents with 
high parental education adds a new dimension to this 
phenomenon. Previous analyses in a subsample of the 
present cohort were not able to highlight this issue due to 
a disproportionate selection of participants with highly 
educated parents [32]. It can be hypothesized that better 
health literacy and higher parental demands influence the 
adolescent’s choice of friends with a similar weight status. 
In contrast, no differences by parental education were 
seen for weight-related traits and behaviors. A potential 
explanation might be that the latter were self-reported, 
and more variable than objectively measured weight vari-
ables that can be assumed to be more stable over time. In 
addition, the results may indirectly indicate the lack of 
important determinants of body weight such as genetics 
and family history of overweight and obesity, which may 
display stronger socioeconomic differences than the ten 
weight-related traits and behaviors examined in this 
study [33]. Our findings that friends are similar in impul-
sivity as well as fast-food consumption and sugar prefer-
ence may be consistent with a predisposition to weight 
problems [34, 35]. The associations regarding sugar pref-
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migrant background, indicating a higher vulnerability in 
this subgroup. School-related well-being, defined in 
terms of problems and success, are properties that corre-
lated strongly between source children and friends. As-
sociations observed for being bullied suggest that adoles-
cents share properties that increase their likelihood for 
being bullied, such as obesity, but contrary to our expec-
tation friends’ associations in being bullied was not ex-
plained by weight status. Furthermore, screen time be-
havior was associated among friends, with a larger effect 
size in boys compared to girls; otherwise, the lack of sex 
differences is consistent with other research [6]. A strong 
association among friends was seen regarding sports club 
participation that was remarkably independent of social 
factors, despite social gradients in absolute values of 
sports club participation. These results are consistent 
with earlier work showing that positive friendship rela-
tionships fostered involvement in physical activity [3, 6, 
36–38]. Taken together with associations regarding being 
bullied, these results underline the significance of shared 
activities among adolescents, and shared leisure time 
physical activity may be an important example.
The clustering of friends on parental education and on 
immigrant background independent of properties in 
their local neighborhood confirms that this type of social 
homophily [9] is already occurring in adolescence [12]. 
The exception of Sweden may be suggestive of societal 
differences that play a role. Considering all the countries 
in the study, Sweden may be relatively egalitarian as sug-
gested by, for instance, the lowest Gini coefficient of in-
come inequality among citizens [39]. A concrete example 
is the documented commitment of Swedish governments 
to reduce segregation by mixing affluent and less affluent 
housing facilities, which may enhance the probability of 
youths of different backgrounds befriending each other 
[40]. Our findings support the idea that interventions re-
ducing social barriers, in particular among children and 
adolescents, may be a promising strategy to improve the 
health status in the population. However, the Swedish 
sample was small and friendship associations showed 
large variation, which may not allow us to draw conclu-
sions about the absence of inequalities.
This study offers an enhanced understanding of simi-
larities between adolescent friends in relation to their so-
cioeconomic background, which has previously been 
scarce in the literature [11]. In-depth phenotyping al-
lowed analyses of weight status and body composition as 
well as 12 weight-related indicators including sociode-
mographic characteristics. Another strength of the cur-
rent study was the participation of 6 distinctly different 
countries, contributing to diversity in terms of sociode-
mographic characteristics of adolescents. However, the 
country-based data may be both a strength and a weak-
ness. Results stratified on the basis of the 6 survey samples 
cannot be generalized to national levels, and country-spe-
cific findings must be considered with caution. The re-
High parental education Immigrant background
n OR (95% CI)a n OR (95% CI)b
Italy 427 1.62 (1.15–2.30) 424 1.48 (1.14–1.93)
Estonia 335 1.47 (1.12–1.92) 320 1.82 (1.21–2.72)
Cyprus 317 1.43 (1.15–1.78) 286 1.51 (1.22–1.88)
Sweden 134 0.67 (0.38–1.17) 133 0.84 (0.43–1.62)
Germany 188 1.76 (1.30–2.39) 185 1.52 (1.22–1.89)
Hungary 139 2.66 (1.83–3.86) – –
Interaction 
p value 0.003c 0.4d
AUROC 0.77 0.71
Logistic regression adjusted for age, sex, total time spent with friends, and including 
interactions between country and parental education, and immigrant status, respectively. 
a Odds ratio for source children’s high parental education per SD of percentage of 
friends with high parental education (SD = 43.7%). 
b Odds ratio for parental immigrant background per SD of percentage of friends with 
parental immigrant background (SD = 28.6%). 
c Wald χ2 test statistics = 18.2, df = 5. 
d Wald χ2 test statistics = 3.87, df = 4.
Table 4. Country-specific associations 
between source children and friends in 
family-level sociodemographic 
characteristics
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striction to friends from the I.Family study may underes-
timate the true associations if influential friends are not 
included. The implicit restriction to school friends may 
also produce an overestimation if schoolmates are more 
similar than friends from other social environments. 
However, we find associations regarding both school-re-
lated aspects and school-independent variables, such as 
being bullied and sports club participation, respectively. 
Due to the cross-sectional nature of this study we could 
only assess associations between friends, and not distin-
guish between the situations where friends affect the 
source child’s behavior, and where children make friends 
because they already share certain properties.
Conclusions
Adolescent friends shared several weight-related char-
acteristics. BMI and body fatness appeared to have a so-
cioeconomic component, in which between-friend asso-
ciations were stronger in adolescents with high parental 
education. A number of other traits were correlated 
among friends, the strongest being sports club participa-
tion, screen time, and being bullied. Correlations regard-
ing these traits did not vary by parental education. More-
over, family-level sociodemographic characteristics 
themselves tended to be similar among friends. Specifi-
cally, adolescent friends clustered by parental education 
and non-native background in most survey countries. 
These results confirm that aggregation by social as well as 
weight-related factors is already occurring in adoles-
cence, highlighting the importance to direct health pro-
motion initiatives in adolescents towards peer groups in 
both school-related and leisure-time environments. The 
similarities among adolescent friends may be a foreshad-
owing of social inequalities in future relationships [41–
43].
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